In Europe, passenger cars use over 65% of total transport fuel energy and produce around 12% of total EU carbon emissions. Under such circumstances advanced technologies and modifications in multiple powertrain technologies in passenger cars hold an important key to reduce emissions and energy demand into future. This study compiles a set of efficiency improvement technologies and makes use of a 'Bottom-up simulation' to assess the effects of introduction these technologies on total energy demand and CO 2 emission from passenger cars up to 2030 in the EU-27. The integration of improvement technologies in vehicle will serve the purpose of increasing fuel efficiency, enhancing performance and provide further technical and environmental benefits, but it will also result in incremental costs over the vehicle baseline prices. This research also assesses changes in specific driving costs, cost of CO 2 avoidance and the payback period of incremental costs on the vehicle's economic performance. The technical improvement potentials' options considered in this study show that a 5% to 22% increase in fuel economy of car is possible. And based on assumed diffusion of technologies across total gasoline and diesel vehicles, this study infers a potential of 19% to 34% savings in energy demand and CO 2 emission by 2030.
Introduction
Across Europe cars have given the public greatest mobility that is adjustable to different usages, driving locations and preferences, and this trend will continue to grow into future. Over the last few years, increasing environmental concerns, rising oil prices and continuous urge for technological developments have stimulated industries and nations across the world to move towards better efficiency and sustainable practices in the transport sector. To tackle the problems associated with constantly increasing transport fossil fuel demand and greenhouse gas (GHG) emission, it has become very important to consider the alternative fuels and alternative cars for meeting environmental benefits.
In the last few years, the European car manufacturers have invested significant amount of money in the technology R&D, and have introduced more than 50 advanced technologies into the cars for the purpose of efficiency gain and emission reduction. In addition to the varied upcoming vehicle technologies like battery electric vehicles and hydrogen fuel cell vehicles, nowadays a large number of vehicle and powertrain improvement technologies are aimed at increasing the fuel economy and efficiency of the existing conventional vehicles through technical improvements. The core analysis of this paper is based on such 'technical improvement potentials'. This paper is an extension of an ongoing research under the project ALTERMOTIVE, contracted under Intelligent Energy Europe.
Currently, a huge diversity of fuels and advanced powertrain technologies are available in Europe. Table 1 states various alternative automotive mobility technologies (AAMTs) mapped under different developmental stages along the technology curve (Research, Demonstration and/or Commercial state). In Table 1 it can be seen that in addition to the conventional diesel and gasoline cars, few other AAMTs like Natural Gas Vehicles and Flexi Fuel Cars already exist in the European market on commercial level. These technologies also show continuous process of developments for achieving higher vehicle efficiency and better customer satisfaction. The technologies included under Demonstration phase are not at commercial scale yet, but depending on the speed of progress and overcoming market and cost barriers these may come to commercial phase in next few years. The technologies exhibiting the R&D phase will continue to progress to overcome technical challenges and incompatibilities, and will come to commercial phase no sooner than 2020-2025. 
Methodology
The method implemented for this study starts with the review of various technical improvement potentials in the European passenger cars along with their potentials in enhancing the vehicle efficiency. In next step, this study selects two sets of innovative improvement technologies called as 'Technology Option 1 & 2' and assesses the impacts of their integration on vehicle's energy demand, CO 2 emission, and economic performance. The main assessments applied in this study with the bottom-up simulation and economic estimations are:
1. Assessing the improvements in the vehicular energy consumption and consecutive CO 2 emission as a result of integration of Technology Options -TechnoEnvironmental assessment. 2. Assessing the changes in economic performance of the car as a result of incremental costs and technical improvements -Economic assessment. 3. Assessing the potentials of technologies in overall energy demand and emission reduction at assumed diffusion rates across EU-27 car fleet -Techno-Environmental assessment.
Techno-Environmental assessment:
The techno-environmental assessment carried through the bottom-up simulation is done to assess the energy demand and CO 2 emission by the total European passenger cars (including all types' such as gasoline, diesel, hybrid, bioethanol etc.) for a fixed annual driving distance. For setting up an energy demand baseline, energy demand projections and car fleet size forecasts in EU-27 until 2030 were derived from Fiorello, et al., (2009) . Then the bottom-up simulation tool was built up by using different vehicular data and other input values (like fuel economy, average annual traveling etc.) to assess the overall energy demand and CO 2 emission up to 2030. The general formula for the assessment is:
[PJ] Eq. 1
Where, ED t is the total energy demand (including different fuels Fu) in the year t, i is the model year, F is the number of vehicles of a model year i running in year t on fuel Fu. D is the annual distance travelled by a car of model year i in year t using fuel Fu. FE is the average fuel economy (MJ/100km) of the car for a model year i, using fuel Fu running in year t.
Changes in fuel economy: It was considered that when the technical improvements occur into the car by implementation of 'Technology Options', the fuel economy increases by a certain %. The equation used to assess changes in the fuel economy is:
Where, FE e is the enhanced fuel economy, FE b is the baseline fuel economy of the vehicle and %E TO is the percent (%) by which the 'Technology Option' enhances the vehicle efficiency.
Economic assessment:
The fuel efficiency of the vehicle can be enhanced by implementation of advanced innovative technologies, but the introduction of new technologies in vehicle will cause extra upfront investments and additional costs to the manufacturers and these costs will add extra price over the vehicle price (McKinsey, 2009). Thus, it is technically feasible to reduce the fuel consumption of new vehicles, but additional costs will be incurred. In this study, following assessments were done.
Incremental Cost of technology options:
The concept of Retail Price Equivalent Multiplier (RPE factor) that represents the average additional price consumers would need to pay for an advanced technology was used to assess the incremental costs of technologies. Where, PB avg is the average payback period, C i is the incremental cost and YS €/a is the annual monetary saving (€/a) per year through reduced fuel expenditure.
Cost of CO 2 avoidance or CO 2 abatement costs: It is assumed that for a technically improved vehicle the driver has to bear extra investment costs over the vehicle price. So, how much does it cost (in €) to the driver for saving each tonne of CO 2 is called the cost of CO 2 avoidance . It is calculated by the following formula.
[€/tonnne] Eq. 6
Where, C i is the incremental cost and Tonne CO 2saved is the CO 2 saved within vehicle life time. Version-3, 2008) Average characteristics and data for the European passenger cars like vehicle price, engine power, fuel economy, fuel specific emission factor of the fuel etc. were derived from the Concawe reports mentioned above. Table 3 states the data derived for gasoline and diesel cars. 
Sources, Data

Efficiency Improvement Technologies
There are many efficiency improvement technologies that can be introduced in today's vehicles without changing the vehicle's basic type, general size, or performance. Virtually all of the technologies are capable of increasing vehicle efficiency and reducing fuel demand, but they all are not equally ready for the commercial production. The technologies grouped as Technology option 1 and 2 in Table 4 were chosen based on their readiness as they are applicable into the conventional diesel and gasoline passenger cars within 2010-2012 timeframe. 
Technology Diffusion Assumption
The term technology diffusion in this study refers to the widespread integration of Technology Options into the new European gasoline and diesel cars up to 2030. For the simulation, the diffusion was considered only within gasoline and diesel cars because both the Technology Options are compatible into these cars without rendering any change to the size or performance of the car. Moreover, gasoline and diesel cars represent the biggest share in the total EU-27 car fleet and this trend of majority will continue to increase at least until 2030.
To build the stock of new cars in EU-27 until 2030, a review of historical vehicle registration data and socio-economic developments was done. Then the review was complemented with the expected GDP growth to establish the expected trend of new car registrations in EU-27.
The two scenarios considered for this study are:
Scenario 1: Technical Potential -Assessment of the maximum energy demand and CO 2 emission reduction potential offered by the technologies under the assumption that Technology Option 2 diffuses extensively across the fleet.
Scenario 2: Autonomous Potential -Assessment of the reduction potential form the technologies under the assumption that the Technology Option 2 diffuses to a limited extent within the new fleet, however followed by autonomous technological progress the Technology Option 1 diffuses widely across the fleet. 
Results
The results presented in Table 6 are derived by considering the integration of Technology Options into the vehicle. The assessment methods for the techno-environmental and economic assessment take into account all the salient aspects like baseline vehicle price, additional investment costs Technology Options, engine size and fuel capacity, yearly driving distance, diesel and gasoline fuel price projections until 2030 from (Fiorello, et al., 2009 ). Source: Assessed by authors, * considering 2010 fuel price from (Fiorello, et al., 2009) The energy demand and emission potential results presented in Table 7 show as what could be achieved when technologies are implemented into the assumed percentage of the EU-27 new gasoline and diesel cars. The scenarios developed within this study show that 19% to 34% reduction in total energy demand and subsequent CO 2 emission can be achieved by 2030. Results stated in this study (in Table 6 ) have shown the increasing pattern of fuel economy in gasoline and diesel cars. Technology Options 1 & 2 have the potential to enhance vehicle efficiency by 5% and 22% respectively, which can save between 0.14 and 0.64 tonneCO 2 /year per car for a fixed driving cycle. Results of economic assessment show the decreasing pattern of fuel expenditure in terms of €/100km or €/Year. The assessment shows that both the Technology Options may increase vehicle cost by 10% and 30%, but as a result of increased fuel economy and reduced fuel expenditure, the additional investment can be reimbursed within the certain time period considered as the 'Payback period'. The Technology Options are projected to result in a net cost benefit to the owner over a 10 year vehicle lifetime because the cumulative fuel expenditure savings offset the higher incremental costs. The results of technology diffusion based on bottom-up simulation show that there is a potential of between 19% and 34% reduction in the energy demand and CO 2 emission in the EU-27 up to 2030.
